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[sl*«ll y':i9^i^-J\^-V ym^f!i.mm (DD 
21 ^ U'^/w- y VK^^* (O P 

[ii*3B 3 ] ia?imroBB?ij#^ i <^r ? y 

[a*«4j ia?iJ#^2(D:i[SiB?i|t?^$n5. it* 
^) (DDNA. 

1 »T 5 / sssea^ij = - K-r •safei^w d n a sr-^^r 

L-CJfcSae^ODNA. 

tfl*^6l DDS*3-K-t-SjSe^©DNA*|i 

(fS*«7l sS*«3~5®^^T^^*»l«^«:|E«©D 
NASr'<^'^'-pUCl 8\Z^KLXii^?m:^y^^ 
Kp LD2, 

[ii*« 9 ] mmmmi^mK ±»m j m i o 9/ 

p LD2XI4:*:»SK02 2 9/p LD2'efc5, W* 
[8S*«10l ft^JSl. 2. 8X»49tC|a«<OJgS 

m^r^ll] >cJ»ffiK0 2 2 9/pLD2^^|lt- 
[000 1] 

Mtt. S^mM^m(Dy':^y^u=^/u-]):ym^^mm (D 
[00 0 2] 

[se3fe(^ft^ffl ^vT^uy^ mjK^^/55 5(D^y^>' 
7^:=./my:^g? (I pp) ^S*¥{it-r6^^co:^^ 

-rVT'U'/^ K^y :^{cii^if^y > (UQ) , 



y^fzVC/u^XhoX . 2^TOiDethoxy-5-inethyl-6~polyp 
renyl-l,4-benzoquinone<^1S3a^}$^)^ MS^^ (Co 

Q) th^tti^^wmm^mz\.x\.-^^^^$.ji^x 

[0 0 0 3] ^\f^/:y\^. ^(DWM. ffi«a«Jcov% 
Sb*;65g:j?)P5:fxXV>ScO(^. ^t^^ry^- 1 oco^-c^^ 

mmhMz^fix\^'^f^\^\ L;e»L. ^o^MJiss^tc 

[0 0 0 4] wCD^if^y v-tofliJ^JSr^l^^-rs-f y:?"!^ 

y>r v\t^mm^^o:»( y^vT:=^j\^z.'^):ym (i p 
p) srS:*:^ft^t-s. ^mm\t^mxh^ . 
tc»*<#ft^So ^t'=¥y>'iDfliiffi^Lr5pjffl$ttS. 

i:>fcSlPP^> FPP (:7r^V/i>-y i^K) ictfyS: 

\ ppt>^^Lx^^^. ^^\cS:\^^m&(o4 y-^i^y 

ali#^E;6S5|^$t^rv^So E. coli-e^lFPs, op 
s, UPS<D3o^oSl^(Z)#fi;55$fe^$^^T*^^?. itfi 
L.T*K^?tLr\/^s<DtiFPS(^«3gse^r'$>5 

i s pA<t:ti^i$^7^U-/l'ry (OPS) 

[0 0 0 5] :L<D^v:=^)\^Yy^yy-y^y-'^t<ry^^\z. 

g^^i^'g'^^ttSo ;^J®ffiub i AMife. a^»co 
Q2il«;tc:J:oX. PHB (p - 1: Ko=¥i/-<>^y3i- 
h) /6^5>SS^Lfc^>'y^:3ey >'#f&^c-i^e>cD-ry7'l^ 
y^ Kj!)5#J!ni$;}xr. ^H^tL^t'^y^-s. ^tf:^ 
y>-6;i5^^-rSo -<^<t5?'«ew^;!)^e>. ispBM 

-^f^mmomB^t u b i AE^. ^#COQ2M^i^ 

fijffl-rs^^-c^tr^^y v-i ocDSb¥6^^jg|c:o/^j5s 
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[0 0 0 6] 

h*^mc^t>mm^^mm uq- i o ^«^iKi-c 

[0 0 0 7] 

[0 0 0 8] ^(ommumwkm^m^'r^fc^s uq- 

1 OS:i^-f5/^i5^r y r<^RK^Gluconobacter subo 
xed primer^ffiffl L^to P C R-C#^nfc»f>i*^^ 
K-$r:/n->^^ LTG. suboxydansCOyy ^?r>^^{cy 

y ^2/i^iMfv/N^yyi$^^if-v'3:/:Srfi^oyto 

^JSr*3£LyS:^. or f ^«ffc(;:P C RTifffi^. 

mmm.-<^ ^-{^^ ti-:^itu \ a c zite-?- 

[0 0 0 9] ^ft. UQ-S^^\Cii^^^fj::t^^-:f\y:=- 

/wry ywt^^mmi&B^ ( i s p Bae^) sr:x«-& 

UQ-i 0Srp«>f :x]giK»^UT^^-frL«e) 

[0 0 10] ^LXiOf^^^ UQ-1 OSrKjg-tSr 

UQ-8. VQ-9 tth\CVQ-l 0^m^^^(O\C 
^5bL. ^fc. i s pBfift«tfeSrffll>-5^#<?5i©^tcj3 
V^TIt. ±^LTUQ-1 0Srj!{igi-5ri:;6St?t, ji; 




[5IW<o^liS<^?gffil 

(1) K?iJ«<^ffi^ij#-^4 (^>^;^7'7>r-r-) Rx^m 
y =^7^7-r-7-*^fiKSKu ^fihir^mLx^^p 

CR^rtrofCo •r^'c^ib-^. 9 5t: 5 5t: 2 

7 2t: 3 Oif>ri5^/V-C|D*!)COPCR^tT 

v\ 4 0 0-'5 0 0 bf^ifiS:r;^fn--;^l;^^a,{cJ:«9 

0 bf+iSlcy^ K^#fCo rOPCRWK-^-^O 
r5 3a!l<?5iB^J;6S*^$ti;feo 'tfih(D±X\co\^^X 

y>'®?^^S^m<i:^^^4 0%(DfflI^tt^WbTV^fCo -tc 
t?. r<^Br>i-|±G. suboxydans<^)x:3S7::?'l^:=^/^— y >K 

[00121 (2) *-f. r(^»fitSr>^p-y^:U. G. 

suboxydans(^y / Lr 1Mf y 

^^^fflLfc^^^S k bf^3fi(C^>i/'^/W^#fc<^>-C. y 
yis<7)Ec oR im{t;^> 5kbf+iaSrr;(fn-;^m^ 

3>'Lra5^y/A7>r>^7y-i:Lfco 

7^ y -^^fe«pfS:^J®ISt;i» Lr3fe<D p c RSfK* 

ofc. ^6 0 0 o^@(7)?g®^^^&;^^ y >rLfc 
K«r#yc:c^)-epGs 1 t^mn^^ 

[0 0 131 (3) ^yy^^ KpGS 111. *^5kb<0 
»f>i-$r»«FLri>fc<7)-C. ^cDf^coS a 1 I -H i n d 

1 I 1^2. 1 kb(0fiS6fi?'J^«:^Lfc (01) o 
-iJ^:^^^::^ LfcDNAiB^Jcoq3;5)^P>DNA(^iteif«d5 
m - R N A-^ls^ $ tuS e S'^ ^ $ tt 5 SP^J^'^fc S 
ORF V-'f^y^ yu-M.) ^^m^ 
fCo DNA:3 K:xr-ii. m-RNA(0fe^|B*&Se5>liA 
TG. ^^f^ihSC^J^fiTAG, TGA. TAAOl^-ftt 

ORF(^*^^tfofco 5fe<OPCR»r>i-«r^ 
tpJ^Jl k b<?DORFSr^ELfCo 

[0 0 141 (4) igijc^-rj:5*c, z(DmB^\t. 

[ai<0lgSEJiJ-e^$tL^8 0 Sofia (ATGiT^^ 
t^bi^t,^ 1 7 5 6<^fig (TAA : ^TJCSt* -5 
r^/K>SL) -CJ^T-r-S 9 4 8 b p . 315T^/» 
75^t*60RF^<^J$LT:M!9. ffi<^)7'U::^/VZ:y V» 

spB, mnsa 

ccharomyces cerevisiae C o q 1 ^ te^^^Bacillus su 
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^^^^ 



4 7. 9%, 4 5. 3%, 3 2. 4%(D^m&t>h^ 
[0 0 151 (5) 'i^btif->-^=^y::^y'—^i:m 

(ffi?'j#-^4tc^-r-fev;^:/7-r'^-. &mm^5\c^ 

CR"Cii*iLfCo iSffi^tl^fc-rvf— hDNAtt. 5' 
m\^B a mH I 3' litCH i n d I I I h 

Sr^ix^ti{S#^'*-C:fe'9. >^^:^ ^ K'^iJ^ ^-p UC 
1 8 (Sjgit) <Z)BamHI -H i n d I I I f--f htd 

^n-^^ku^o ±l^<^1^>< ^^c><>'1^-^DNASra 

?g-Cd d s 1 Sr^^^-^fCo -r^i^tjx d d s 1 (DOR 

Fi:±mm 1 a c zmm^<D':fu^-^^Tvm^^'^ 

^ftM:i^y:^^ Kp LD 2 ^ISIgLfc (gj2) o 
[0 0 161 r^t:°i/y >'5 0 M g/m 1 ^^t^LSm 

iJMl 0 9<Z)i^Vi//P=rn:^-^»||Lfc;i\«tt-C 

jft2 5 0ml(C, mmm\.X^\^^tzmm^2. Sml 
(1%«I||) SrIfiMU 3 7t:"C2-'3^raS^5J#ll 

r<b«r5fegL"r. IM IPTG V T'n fcVi^- i - 
^:^-/5-D-:j(f7i5^ hf->r K) *rO. 2 5ml (ft*! 

1 mM) LT. MIC 1 2 mmmmicmm ltc, 
nhtitzmm^ibvQ^mmvHP LcxmvfLtct:: 

5. Iil3tc:^-rj; 5t-iS*JMl 0 9^D{^itb^.^:v^UQ 

tmia^tiito fc'-i^ ittuQ-sT^fc^sd^ tf-^3 
[0 0 1 7 1 ±isd d s 1 xmm^^Lfz.mw^^^± 

«|-efeS, pLD2Sr«lf$-frfc*:»ajMl 0 9 (Es 

cherichia coli JM109/pLD2) Sr. ae^B 

h^>{ K (I PTG) i^#ftT"c««L. mm^ 

UfCo r<^:i t^^e>t>^ T'y^:? Ki: LT^AUfcd d 
s liie^Sr*iJffl-t-6::^(ci;!9UQ-l o^^^^et 

[0 0 181 Escherichia coli JMl 0 9/p 

i'ti:t>h. mnt LT'^c- I pp ('^>^y7'='/i^r. 

y >'g? : Amersham LIFESCI^CE^fc) i: F P P {yy/^^ 

-ww-yv^) ^^mL. 3 ot:rM^F^Sj^^^^fc 



@4lc:^1-J:5i-p LD2Sr^fe«F^i^fc JMi 0 
9(;:4BV>Tf^;;?7 7^U/-/b;55t^|fJ$Jx:rc:o rtie>0^* 
/J)^e>. ;5iWcd d s lite^t^UQ- 1 O^mCsi^^ 

m^^X^^:itWQ- 1 0^figd5prfig-CfcSr^;i5 

[0 0 191 (6) i^l±. KpLD2-C?g®S 
^L^c^a^ JMl 0 9^fflV^^, UQ-8, UQ-9 

<D±^^WoVQ-i OcD^^^^:o^/^'C(^)^iSt?il^cov^ 

[0 0 2 01 (7) K02 2 9/p LD20f^fi 
TI2-f PlCl, ±^aiK0 2 2 9 (Escherichia coli 
K0 2 2 9) UQ-8^^(Cie:>S*i s p 3*^ 

pLD2«r«S.^Fi!:5ri:(ca:»9. UQ-iOco;^S:* 

/pLD2li, UQ- 1 OJl^^-r'5fc<^<0. UQ-8 
229/pLD2liUQ-l 0 ^ 1" ^5 t><^ 

r-feo-c. *iiifew^uQ-i ooig*ea^MSrS«j.b 

[0 02 11 a ) 7^7^ ^ K±*T?C0 i s p Bite^Ofift 

i s p B^^^i-^^yy^^ KpKA3<D i s p B 

[^ic#«r5P s 1 ht:mmmm'r^m»vit. ^ 

ae^^^AUfCo pKA3. ca 

t <Df^:^<o^yf h *T 4 y p« y-^xw-m^icme^ 

LXt^by^y-i^ayLtti^ flio. catae-7-«p 
ACYC184 (=^y:^yiJ^-y^±) ^HaeimS 
r^^^-C^jgibfCo KpTC2i:9 
cat Xi^Wi^iXft i s p Bae^coS«SrE c o R I 

10 0 2 21 b) ispBXim<Di^m 

^mm»t<r>mzr>'^i-\^^±mmF s 1 5 7 bstpka 
sxmmm^i^fc, nbtitzmmmmi^Fs 157 e/ 

pKA3^. a) -ei^filLfcSfK-Q^ffiV^TSgfl^M^ 

^i—zl^ (Cm) t:^^^^/'^4i^y (Spc) «r5 0 
us/m\ttsL Bm^mmX^^ LX § fcH^Tfo 
19. Sfefe*fs;d\ *)SV^^:ipKA3±C0 i s p Biie^;6S 

tz) o ^l?)nfcCm+Sp c»tttt<t»9 pKASSrt 

^(D±^^\zmt<Dtj:\,^Wi:mR\.fZo rr-^iis^ 
^tLfcttli. S^fe(^±<^ i s p B3te^;6S c a t XWim 
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02 2 9/pKA3 ^ LfCo 
[00 2 3] c) K0 2 2 9/p LD2tt<7)^^ 
b) "e#btl^K0 2 2 9/pKA3Srd d s litfi^ 
^rj^oT^^;^^ Kp LD2r*?^gK^LfCo pLD2ri 
Ti^ei^y:^ (Amp) iJttiie^i^JtoO-CCm. S 
PC AmpSr-ttl-ietlS 0 /X g/m 1 ^tfLB»^« 
mvmULito #btu:/bK02 2 9/pKA3 + pLD 
2*«rAmp + Cm^-^tfLBfStt:Jg^-CjS#L. tSft 

f^S:tf5 0M^i9jgL. Anip + CmSr-&tpLBlS5^SJft 
l;^*?^LT^<p iix.T#fcAmp+CmiHttt*^Am 
p + CmioJ:l5S p c +Cm*^l§^{;i 1 0 OfS-^ou 
:/y:<;U Amp + CmiiBtt. s p c^^ttt^^iitRt 
ifco #f>tLfc»*:fc»liK0 2 2 9/pLD2'i:LTU 

^»4r;^JSISK0 2 2 9/pLD2<i:^^L. XMSM 
K4^X¥X^fi^*|fW%fr(- PERM BP-5626 

[0 0 24] (8) VQ-1 0(D±m 

9c(Dmmm\^^\^^x p l d 2 vmwm^ i.tz±mm j m 

1 0 9i:m^L1tm^tmm:i. Escherichia coli K 
022 9/pLD2 (PERM BP-5 6 2 6) 

V-S 0 M g/m l-&WLB@:ffilC:fo^V>T3 7t: 

^t. ODeoo^^^O- 5lC^Lfc<hr5-CI PTG^ 

1 mMt^?t $ J: 5 \^mz.xmcMmmmm'^miiv^m 

^^5^i?>e)tl/. K02 2 9/pLD2 (PERM BP 

-5 6 2 6) (::J;5UQ-i 0(DiSjKn"D^fiy65ttM^ti 
fcp **5:*:®t*<DS^(^, 5feco^J£0il(O JMl 0 9/p 
LD2(Dm^t\tm^j:^, I PTGjS*D«*-C^S«U^ 



[0 0 2 51 

Ltz^ ^(D'f^m^ UQ~8. VQ-9(D±m<om\ U 

Q- 1 o(Di;Mm\zj:^±mmtci^x'^m\cfj:<>tife: 

\^Xf^<. i s pBSe^^atS^fflv^Sr ^lcj:|9. 
U Q - 8 (D±m^mM LT U Q - 1 0 ^il««Jl;iiS*ig 

i^m^m-r^zt^ncibx'^mtfiofzo 

[0 0 2 61 

[ffi^fjsi ^mm\c^^^DDS(DrK /mmm (315 

^ (d d s 1) a^msmm (9 4 s b p) ^mmm^2 
(c^L. d d s iaie^^^^-fev;^:/^-r'^--^^e>r 

[0 0 2 71 E^iJ»-^4. 5\t. PCRmyy^^-i: 

^L. ia^ij#^4ji-t>';^7^7-r'T-, ia^as-g-stiT 
#-^1-5 -e^^H^^-ga^u^^T^-To 

(0 0 2 8] 

: 1 

jEyijtos* : 3 1 5 

[0 0 2 9] 
[^2] 
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[00 301 



810 
AT6 

Met 

(19 B28 Bi7 646 8$5 864 

CTC CCC TCC AAC CGG GCO ATC ATC GCC CGG ATC CAA ACT CC6 GTT CCC CTC ATC 

Leu Alo Cys Asn Arg Alo lie He Ala Arg Met Gto Sep Pro Vol Pro Leu Xl« 

873 882 «91 9W 999 918 

CCG.CA6 CTT (iGC GCC CAT CTT QTC GCG GCG CGA GGC AA6 CCC CTT CGC CCG CTC 

Pro Gin Leu Gly Alo His leu Vol Als Ala Gly Gly Lys Arg Uu Apq Pro Leu 

927 936 945 954 9M 972 

CTG ACG CTC GCC TCC GCA COT CTC TCC GGT TAT CAG CCG GOT CCG CAC CAT CAG 

L«tf Thr Lea Alo Str AU Apj Leu Cy$ Gly Tyr Gin Pro Gly Pro Asp His Gin 

981 999 999 1068 iei7 1026 

CGT CAT GTC GGG CTC CCC GCC TGC GTT GAG TTC ATT CAT ACC GCC ACA CTG CTG 

Aro His Vol Gly L«u Alo Alo Cys Vol GIv Ph« lie His Thr Alo Thr Leu leu 

:e3S 1044 1053 1062 1071 1989 

CAT GAT GAT GTC GTG GAT GAG A6C ACG TTG CGT CGG GCC CTG 6CT TCG GCC AAT 

His Asp Asp Vol Vol Asp Glu Sbf Thr Leu Arg Arg Gly leu AU Ser Alo Asn 

leav lie? ine nzs 1134 

CCC GTG TTC GGC AAC AAG GCC TCC GTG CTG GTA CGT CAC TTC CTC TTC GCC CGC 

Alo Vol Phe Gly Asn Lys Alo Ser Vol Leu Vol Gly Asp Phe Leu Phe Alo Arg 

tl52 1161 1170 1179 1U» 

TCG TTC CAC ar ATG ACA CCA CAC CGC TCC CTC AAG CTC ATC CCC ATC CTG TCC 

Ser Phi cm Leu Met Thr Alo Asp Cly Str Leu lys Vol Met Alo ul leu Ser 

1197 1206 1215 1224 1233 1242 

«T CCA TCG GCC ACA ATT CCT GAA CGT GAA GTC CTT CAC ATC CTC CTC CAC AAC 

Asp Ata Sar Ale Thr ll« Alo Gl« Gly Q\u Val Lou C\t% H«l Vol Vol Gin Asii 

^„«51 1260 1269 1278 1287 1295 

GAC CTT ACQ ACG CCT GTA CAA CCC TAT CTT GAA CTC ATT CAC GGC AAG ACC CCT 

Asp Leu Thr Thr Ppo Vol Glu Arg Tyr Leo Glu Vol lU His Gly Lys Thr Alo 

1314 1323 1332 1341 1350 

GCG CTG TIT GCG CCT GCC TGC CGT GTC GGC CCT GTC CTG GCC GAG CGT CCG CAA 

Alo leu Phe Alo Alo Ala Cys Arg Vol Cly Alo Vol Vol Alo Glu Arg Pro Glu 

1368 1377 1386 1395 1404 

GCA QAA GAG GAA GCT CTG GAG CCC TTT GGC ACC AAT CTC CCT ATC GCG TtC CAC 

Alo Glu Glu Clu Alo Leu Glu Arg Phe Gly Thr Asn leu Gly Ht Alo Phi Gin 

1413 1422 1431 1440 1449 14SB 

III III C*T GAT GCC CTC GAT TAT GCC CCA CAC CAG CAG GTT TTG CCC AAG ACC 

Leu Vol Asp Asp Alo Leu Asp Tyr Alo Alo Asp Gin Cln Vol Leu Cly Lyi Thr 

[*3l 
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1467 1476 14«S 1494 1S12 

GTT C6T 6AT «AC AT6 €<iT CAA GCC AAG ATC ACC CTC CCC CTC CTC CCC CCC TAT 

Vol Gty Asp Asp Mftt Arg Glti Gly lys I\« Thr L«u Pro Vol L«u Alo Alo Tyf 

1521 lS3d 15S9 154S 1SS7 1566 

GAG 6CT CCC KG CCC CU GAT CGT ATT TTC TGC GAG CGC CTC ATT G6A GAA GCO 

Glu Ala Cly Sen Pro Clu Asp Arg He Phe Trp Glu Arg Val Ite Gly Glu Gly 

1S7S X5M 1593 1602 1611 1626 

GAC CAC ACT GAG CAC CAT CTG CCT CAT GCT CTC AAC CTC AH CCA AAG ACG «kT 

Glu Gin Thr Glu Asp Asp Leu Pro Mis Ala Lw ksa Leu lie Ala Lys Tlir Gly 

1629 1638 1647 1656 1665 1674 

GC6 ATC AAT ACC ACG ATC CCC CCC 6CG CA6 CTC TAT GCC 6AC GCA CCT CTT GAA 

Alo lie Asa Thr Thr lit Alo Arg Alg Gin Val Tyr Ala Asp Ala Ala Vol Glu 

1663 1692 1791 1710 1719 1728 

GCC CTC TCC ATT TTC CCG CAT ACC GAA CTG CCC CGC CTT CTG ATC GAA ACG GTT 

Alo leu Ser lie Phe Pro Asp Ser Glu lej Ar^ Arg Leu Leu lie Glu Thr Vol 

1737 1746 1755 1764 1773 1782 

CAC TTC ACG CTG AAT CGG GCC CGC TAA AAA CCA TAT TCT GCC TCA GCC AAC TCA 

Gin Phe Thr Vol Asn Arg Ala Arg Lys Pro Tyr Sar A\q Ser Alo Aso Ser 

1791 1909 1899 1618 1827 U36 

GGG CTG ACG CAC AAT ATC CTT TCA CGC TCT CAA ACC GAG CGC CCC GAA CAC TCA 

Gly Leu Thr Gin Asn Met Leu Ser Gly Cys GU Ser Glu Arg Pro Clu Gin 

1949 ltS4 
CCA rCC ACA AAA ACC TAA 



Pro Ser Ar9 Lys Tlir 

[0 0 3 1] [0 0 3 2] 

G^eoS^ : 9 4 8 
fSM(^9M : Genomic DNA 



: Gluconobacter suboxydans 
41b& : wild type 
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B19 
ATG 

Met 



819 828 837 846 8SS 864 

CTC CCC TGC AAC CCC GCC ATC ATC 6CC CGO ATO GAA AGT CC£ C1T CCC UC ATC 



l8u Alo Cys AsR Arg Ala lU lU Ala Arg Met Glu S«r Pro Vol Pro leu lis 

S73 882 891 999 969 918 

CCG.CAG CTT GGC GCC CAT CTT GTC GCG GCG GGA GGC AAC CCC CTT CCC CCC CTG 



Pro Cln Leu Cly Ata His Leu Vol Alo Alo Gly Gly lye Arg leu Arg Pro Leu 

927 936 945 954 963 972 

CTG *CG CTG GCC TCC GC* CGT CTC T6C GCT TAT CAG CCC GGT CCG GAC CAT CAC 



Leu Thr Leu Ala Ser ATo Arg Leu Cys Gly Tyr Gin Pro Gly Pro Asp His Gin 

981 999 999 1017 1926 

CGT CAT GTC GCG CTC GCC GCC TGC CTT GAG TTC ATT CAT ACC GCC ACA CTC CTG 



Arg Hii Vol Gly Leu Alo Alo Cys Vol Clu Phe lie His Thr Alo Thr Leu Leu 

1935 1944 1953 1962 L971 1989 

CAT GAT GAT GTC GTC GAT GAG A6C ACC TTG CGT C6G GCC CTG GCT TCG GCC AAT 



Kii Asp Asp Vol Vol Asp Glu Ser Thr leu Arg Arg Gly leu Ato Ser Ala Asn 

1009 1098 1107 1116 1125 1134 

GCC GTG TTC GCC /UC AAG GCG TCC GTG CTG 6TA GGT GAC TTC CTG TTC GCC CGC 



Alo Vol Phe Gly Asn Lys Ala Ser Vol Leu Vol Gly Asp Phc Leu Phe Ato Arg 

1143 1152 . 1161 1170 1179 1188 

TCG TTC CAC CTT ATG ACA CCA GAC GGC TCC CTG AAG GTC ATG GCG ATC CTG TCG 



Ser Phe Gin Leu Met Thr Alo Asp Qly Ur Leu Lys Vol Met Alo Ilo Leu Ser 

1197 1206 1215 1224 1233 1242 

GAT Ga TCG CCC AC* ATT GCT GAA CGT GAA CTC CTT CAG ATC GTC GTG CAG AAC 



Asp Ala $»r AU Thr lU Alg Glw Oly Glu Vol Leu Gin Mel Vgl Vol q\r» A»it 

1251 IZW 1269 1278 1287 129€ 

CAC CTT ACG ACG CC7 GTA CAA CCC TAT CtT GAA OTC ATT CAC GCC AAG ACG GCT 



Asp Leu rhr Thr Pro Vol Glu Arg Tyr Leu Glu Vol He HU Gly lys Thr Alo 

1395 1314 1323 1332 1341 1359 

GCG CTG TTT GCG GCT GCC TGC CGT GTC CGC OCT GTC GTG GCC GAG CGT CCG GAA 



Ala Leu Phe Alo Alo Alo Cys Arg Vol Gly Ala Vol Vol Alo Glu Arg Pro Glu 

1359 1369 1377 1386 139S 1494 

GCA GAA GAG CAA GCT CTG GAG CGG TTT GGC ACC AAT CTG GGT ATG GCG TTC CAG 

Alo Glu Glu Glu Alo Leu Gla Arg Ph« Gly Thr Asn Leu Gly Met Alo Phe Gin 

1413 1422 1431 1440 1449 14S8 

CTT CTT CAT CAT GCC CTC CAT TAT GCC GCA GAC CAG CAG CTT TTG GGC AAG ACC 

Leu Vol Asp Asp Alo leu Asp Tyr Alo Alo Asp Cln Cln Vol Leu Cly Lys Thr 

[0033] 1^6] 
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W7 147« 14<S 1494 1563 IS12 

CTT C6T GAT CAC ATQ CGT GAA QQC AAG AFC ACC CTG CC6 CTC CTG (iCC CCC TAT 

Vol Cly Asp Asp Met Arg Glu Gly lys lie Thr Leu Pro Vol leu Alo Alo Tyr 

1521 1539 1539 154& 1SS7 1566 

CAG GCT CGC TCG CCG OAA GAT CGT ATT TTC TGG GAG CGC CTC ATT GGA QAA GGG 

Glu Alo Gly Ser Pro Glu Asp Arg Tie Phe Trp G^u Arg Vol He Gly Glu G\y 

1575 15«4 1593 1692 1611 1620 

CAC CAC ACT aC €AC CAT CTG CCT CAT GCT CTG AAC CTG ATT 6CA AAG ACG GGT 

Glu Gin Thr Glu Asp Asp Leu Pro His Alo Leu Asn Leu lie Ato Ly» Thr Gly 

16Z9 1638 1647 1656 1665 1674 

GCG ATC AAT ACC ACG ATC GCC CGC CCG CAC CTC TAT CCC CAC GCA CCT GTT CAA 

Alo lie Asn Thr Thr He AU Arg Alo Gin Vol Tyr Ala Asp Ala Alo Vol Glu 

1613 1692 1701 1718 1719 172& 

GCC CTG TCC ATT TtC CCG GAT A6C CAA CTG CCC CGC CTT CTfi ATC GU ACG GTT 

Alo leu Ser He Phe Pro Asp Ser Glu Leu Arg Arg Leu Leu lie «lu Thr Vol 

1737 1746 1755 1764 177J 17R2 

CAG TTC ACC CTC AAT CCG GCC CGC TAA AAA CCA TAT TCT CCG TCA GCC AAC TCA 

Gin Phe Thr Vol Asn Arg Alo Arg *** Ly$ Pre Tyr Ser Alo Ser Alo Asn Sen 

1791 isee 1969 UW 1827 1836 

CGC CTG ACG CAC AAT ATC CTT TCA CCC TCT aA ACC CAG CCG CCC CAA CAG TGA 

Gly Leu Thr Gin Asn Met L«u Scr Gly Cy> Gin Svr Ctu Ar9 Pro Glu Gin •** 

1845 1854 
CCA rCC AGA AAA ACC TAA 



Pro Ser Arg Ly& Thi" 

[0 0 3 4] [0 0 3 5] 

[^71 [^81 

tm0M^ : 1 2 3 0 
K^^aS : GenoBLic mk 



: Gluconol>acter subojcydans 
tt:6 : wlW type 

mm 
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[00 36] 



747 756 
AAC CT<i TGC TTC AAG GTT 

Lys Leu Trp Ph« lyi Vol 

m 77 A 783 79Z S8t SIB 

GCA £GA GCC CAC AfiC CCO CTA TCC CCA CTC TCT ACC TAT CTT GAA GAA GAC ATG 

Alo Oly Gly Gtu Ser Ala Leu Ser Alo Leu S«r Thr Tyr Leu Clu Glu Asp Met 

»19 828 aj; . «46 855 gfi4 

CTG GCC T6C AAC CCG GCG ATC ATC GCC CGG AfG GAA AGT CC6 CTT CCC CTG ATC 

Leu Alo Cys Asn Arg Alo lit Il« Alo Arg Nst Glu S*r Pro Val Pro leu It« 

BB2 «9i 98B 909 918 

CCG.CA6 CTT GGC GCC CAT CTT GTC GCG GCG GCA CGC AAG C6C CTT CGC CCG CTG 

Pro Gin Leu Gly Alo His lew Val Alg Alo Gly Gly Lys Arg Uu Arg Pro Leu 

927 936 945 gS* 963 972 

CTG ACG CTC GCC TCC GCA CCT CTG TGC C6T TAT CAG CCG G6T CCC GAC CAT CAG 

Lfiu Thr Leu Ala Ser Ala Arg Leu Cyt Cly Tyr Cln Pro Gly Pro Asp His Gin 

981 999 999 190S 1917 1926 

CGT CAT GTC CGG CTC GCC GCC TGC CTT GAG TTC ATT CAT ACC GCC ACA CTG CTG 

Aro Hi» Vol Cly Leu Ala Ala Cy$ Vol Glu Phe lU Hit Thr Alo Thr Leu Leu 

1935 1944 1053 10G2 1971 1989 

CAT GAT GAT GTC CTG GAT UG ACC ACG TTO CGT CGO GCG CTC GCT TCC CCC AAT 

His Asp ASP vol Vol Asp Glu Str Thr Lev Arj Arg Gl^ Leu Ala Up Ala K%ti 

1W» 1S»8 1197 1116 11Z5 1134 

GCC GTC TTC GGC AAC AAC CCG TCC GT6 CTC GTA GOT CAC TTC CTG TTC CCC CCC 

Ala Vol Fh« Cly Asn Lya Alo Ssr Vol Lea Vol Gly Asp Phe Leu Phe Alo Arg 

T^, ^179 1179 1188 

TCC TTC CAG CTT ATC ACA GCA CAC CGC TCC CTC AAG GTC ATC GCC ATC CTG TCG 

Ser Ph« Gin Leu Met Thr Alo Asp Cly Ser Leu Lys Vol Met Alo lU Leu Ser 

1197 1266 1213 1224 1233 1242 

GAT CCA TCC GCG ACA ATT CCT GAA CGT CAA CTC CTT CAC ATC GTC GTC CAG AAC 

Asp AU Ser Alo Thr II* Alo Olu Cly Clu Vql Leu «ln Mel Vgl Val qVn Ash 

1251 1269 12«9 1278 1287 1Z9C 

GAC CTT ACG ACG CCT CTA CAA CCC TAT CTT GAA CTC ATT aC CCC AAC ACG GCT 

Asp leu Thr Thr Pro Val Clu Arg Tyr Leu Clu Vol He His Gly Lys Th^ Alo 

139S 1314 1323 1332 1341 1359 

^TG TTT GCG GCT GCC TGC CCT GTC GGC GCT GTC CTG CCC GAG CCT CCG GAA 

Alo Leu Phe Alo Ala Ala Cy* Arg Vol Cly Ala Vol Vol Alo Glu Arg Pro Clu 

1359 1368 1377 1386 1395 1494 

GCA GAA GAG CAA GCT CTC GAC CCC TTT GGC ACC AAT CTC CGT ATG CCG TTC CAG 

Alo Clu Glu Clu Alo Leu Clu Arg Ph« Cly Thr Asn leu Cly Met Alo Phe Gin 

1413 1422 1431 1449 1449 1458 

?r TTC CCC AAC ACC 

Leu Vol Asp Asp Alo leu Asp Tyr Alo Alo As|^i^^ln Vol Leu Cly Lys Thr 
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[0 0 3 7] 
[^10] 



GTT C6T CAT 



1476 
GAC Are CfiT CAA 



i4as 

QGC AAQ ATC 



1494 

ACC CTC CCC 



1503 
CTC CT6 



1512 
CCC CCC TAT 



Vol Cly A9p Asp U«t Arg Clu Gty ly« Tl« Thr L«tJ Pro V<]1 leu Alo Alo Tyr 



1521 

CAG GCT GGC 



KG CCG GAA GAT 



1^39 
CGT ATT TTC 



TGG CAG CCC 



1557 
GTC ATT 



1S6« 

GGA GAA CCG 



GIu Ala Gly Ser Pro Glu Asp Arg lie Phe Trp Glu Arg VaI lie Gly Glu Gly 



1575 
GAG CAG ACT 



1534 
CAG GAC GAT CTG 



1593 
CCT CAT CCT 



CTG AAC CTC 



161 1 
ATT CCA 



1620 
AAC ACC CCT 



Gtu Gin Thr Clu Asp Asp Leu Pro His Ala Leu Asn Leu lie Ata Lys Thr C\y 



1629 
GCG ATC AAT 



1638 
ACC ACC ATC CCC 



1647 
CGC CCC CAG 



1656 
CTC TAT CCC 



166S 
CAC CCA 



1674 
CCT GTT CAA 



Alo lie Asn Thr Thr He Alo Arg Alo Gin Vol Tyr Alo Asp Alo Alo Vol Clu 



16B3 

6CC CTG TCC 



1692 
ATT TTC CCG GAT 



17B1 
AGC CAA CTC 



1716 
CGC CGC CTT 



1719 
CTG ATC 



1728 
GAA ACG GTT 



Ala Leu Ser tie Phe Pro Asp S«r Glu Leu Arg Ar^ L«ij Leu l\t Glu Thr Val 



1737 
CAC TTC ACC 



1746 
GTC AAT CM CCC 



1755 
CCC TAA AAA 



1764 
CCA TAT TCT 



1773 
CCG TCA 



1752 
CCC AAC TCA 



Cln Phe Thr Val Asn Arg Ala Arg Lys Pro Tyr Ser Ala Ser Alo Asn Ser 



1791 
CCG CTC ACG 



1899 
CAC AAT ATC CTT 



1809 
TCA CCC TCT 



1818 
CAA ACC CAC 



1827 
CCC CCC 



1836 
CAA CAC TCA 



Cly Leu Thr Cln Asn Met Leu Ser Gly Cys Cln Ser Clu Arg Pro Clu Cln 



1845 
Ca TCC ACA 



1854 
AAA ACC TAA ACC 



1863 
ACT TAC GGC 



1872 
TCC TTC CAC 



1S81 

GCG CAG 



1896 
CCC ATT GAA 



Pre Ser Ar^ Lys Thr Thr Thr Tyr Gly Cy> Piie Oln Alu Gin Arg lie Glw 



1899 
TCC TGC OCT 



1968 
CCT at GAA GAA 



1917 
ACC CGG CAG 



1926 
CTC CGC CGC 



1935 
T6T GTT 



1944 

CCT TGC CGA 



frp Cys Alo Gly His Glu Glu Thr Gly Gin Leu Gly Gly Cys Vol Gly Cyi Arg 



1953 
CGG AAC GAC 



1962 
CGT TTC GAC AAC 



ACT 

Ar9 Asn Asp Gly Phe Asp Asn Ser 



mm: 4 

ffi^«)JS$ : 2 7 

mm 

AAGGATCCAA AfiCTGTGGTT CAAGGTT 27 



[01] DDS«r3-K-r5aie^«r^tf:£SE^JSr^ 

10 2] ^m^y^^ Kp LD2^:^i-o 

[g|3] JMl 0 9/pLD2«||ifelA>?>J*ffl 

1114] i^mm JMl 0 9/p LD2mm<Dms^^ 

[0 5] K02 2 9/pLD2mmmf>^bibm 



gB50©S$ : 2 9 

mm 

CCAAQCTTAC TGTTGTCGAA iCCGlCGTT 29 
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mi] 



I 


A7C 


CAT 


GCC 


TGT 


44 


TCC 


GOT 


GAA 


GGC 


lOJ 


7CK 


AAG 


CGC 


CCG 


163 


GGh 


ACG 


GT6 


GCC 


217 


GTI 


CAG 


GXX 


ATT 


271 


AAC 


TCC 


OCT 


CAX 


325 


CkC 


CAC 


XTC 


CGC 


379 


GCC 


Arc 


AGC 


ACC 


433 


CQS 


AGT 


CGT 


CCX 


487 


QIG 


CTG 


TTC 


XGG 


541 


CCC 


CTC 


XTA 


TGG 


595 


GTG 


CCA 


CGC 


XGG 


649 


TGG 


TCC 


TGG 


GCX 


703 


ATT 


CTG 


CCG 


CAC 


757 


GCA 


GGA 


GCC 


GAG 


8U 


CIO 


GCC 


TGC 


AAC 


2 


L 


A 


C 


9 


865 


CCG 


CAG 


CTT 


GGC 


20 


P 


0 


b 


G 


919 


CTG 


ACG 


CTG 


GCC 


38 


L 


T 


L 


A 


973 


CCT 


CAT 


CTC 


GGC 


S6 


R 


H 


V 


G 


1027 


CAT 


GAT 


GAT 


GTC 


74 


H 


D 


D 


V 


1081 


GCC 


CTC 


TTC 


GGC 


92 


A 


V 


r 


C 


1135 


TCG 


TTC 


CAG 


CTT 


110 


S 


r 


0 


L 


1139 


CAT 


GCA 


TCG 


GCG 


128 


D 


A 


S 


A 


1243 


GAC 


CTT 


XCG 


ACG 


146 


D 


I 


T 


7 


1297 


GCG 


CTG 


TTT 


GCC 


1(4 


A 


I 


7 


A 


1351 


CCA 


GAA 


GAG 


GAA 


182 


A 


B 


t 


B 


1405 


CTT 


0T7 


CAT 


CAT 


200 


li 


V 


D 


D 


1459 


OTT 


OCT 


GAT 


CAC 


219 


V 


G 


D 


D 


1513 


GAG 


GCT 


GCC 


TCG 


236 


E 


A 


G 


5 


1567 


GAG 


CAG 


ACT 


GAG 


254 


I 


Q 


7 


s 


1621 


GCG 


ATC 


AA7 


ACG 


272 


A 


I 


» 


T 


U75 


GCC 


CTG 


TCC 


ATT 


290 


X 


L 


S 


X 


1729 


CAG 


TTC 


XCG 


CTG 


3DB 


Q 


P 


7 


V 


1783 


GGG 


CTG 


XCG 


CAG 


1837 


ccx 


TCC 


XGX 


XAX 


1891 


TGG 


TGC 


GCT 


CGT 


1945 


CGG 


XAC 


GAC 


GGT 


1999 


TCA 


ATC 


CAG 


TTC 


2053 


GAG 


TAX 


TGC 


GTX 


2107 


TCG 


AAC 


AGO 


CAG 



6GX 


TCG 


CTG 


TTT 


TCC 


G7G 


CCC 


XCG 


GCG CTA 


TTT 


CCT 


CTC 


GGC 


GCT 


76C 


AAC 


GAC 


COA 


AAG 


GTC 


AXC 


GGC 


CAG 


TGC 


CCC 


CGG 


XAC 


GCC 


GGC 


CTT 


CCX 


XAX 


XCG 


GTC 


OCT 


TCC 


ACG 


CCC 


GTG 


TTC 


AQC 


aat 


GTG 


CCG 


GAG 


GTC 


TTA 


AGG 


GAC 


TCA 


TTC 


CAA 


TTT 


CTC 


AAC 


CAA 


COA 


ACQ 


CCA 


CTC 


CCC 


GGG 


GCG 


TTA 


CCG 


ATG 


CCG 


CCG 


TGA 


AGC 


GCG 


CTA 


TCG 


GCA 


CGG 


GCG 


ATC 


XTC 


GCC 


R 


A 


I 


I 


X 


GCC 


CAT 


CTT 


GTC 


GCG 


A 


H 


L 


V 


A 


TCC 


GCA 


CGT 


CTG TGC 


S 


A 




I, 




CTC 


GCC 


GCC 


TGC 


gtt 


L 


A 


A 


c 


V 


G7G 


GAT 


GAC 


AGC 


ACG 


V 


t> 


B 


S 


T 


AAC 


AAG 


GCG 


TCC 


CTC 


N 


K 


A 


s 


V 


ATO 


ACA 


GCA 


GAC 


CGC 


H 


T 


A 


D 


G 


ACA 


ATT 


GCT 


GAA 


GOT 


T 


I 


A 


S 


G 


CCT 


CTA 


GAA 


CGC 


TAT 


V 


V 


E 




Y 


GCT 


GCC 


TGC 


COT 


GTC 


A 


A 


C 




V 


GCT 


CTG 


GAG 


CGG 


TTT 


A 


h 


B 


R 


F 


CCC 


CTG 


GAT 


TAT 


GCC 


A 


L 


D 


y 


A 


XTG 


CGT 


GAA 


GGC 


XXG 


N 




e 


G 




CCG 


GAA 


GAT 


CGT 


ATT 


P 


S 




It 


X 


GAC 


GAT 


CTO 


CCT 


CAT 


D 


D 


L 


P 


N 


ACQ 


ATC 


GCC 


CGC 


GCG 


T 


I 


A 


R 


A 


TTC 


CCG 


GAT 


AGC 


GAA 


F 


P 




S 


E 


AXT 


CGG 


GCC 


CCC 


TAX 


N 


91 


A 


R 


• 


AAT 


ATG 


CTT 


TCA 


GGC 


ACC 


TAA 


ACG 


ACT 


TAC 


CAT 


GAA 


GAA 


ACS 


GGG 


TTC 


CAC 


AAC 


AGT 


GGG 


ACG 


TTO 


CCT 


CCC 


CCA 


CAG 


CCC 


AGC 


CCC 


ACC 


GIG 











GCG CTO ACT GCC AGA 
TGC CAG GGA GCA 7TG 
CGG GCG CGG AAG GTT 
ACT OCT TCG CCA CTC 
CAC CGT CTC GGG XTC 
TGC AXG XXC XAA.ACX 
TCC CCG GCT CTG GCA 
COA TAT CCC TGC CCG 
TCT CTT TCT TTT TCA 
tGC AAt GGG TTG ACC 
GTC CCC CCT CAA CAT 
AAC ACC CCA TAT CAT 
TGC ACQ XXC TGG AGT 
CCG TTG ATA AAG C7G 
CTC TCT ACC lAt CTT 

CGG ATG CAA AGT CcO 

R H E S P 

GCG GGA GGC XXG CGC 

A G G X R 

GGT TAT CAG CCG GGT 

G r 0 P Q 

OAO TTC ATT CAT ACC 

E F 1 H T 

TTG CGT CC:G CCC- CTC. 

L R R G L 

CTG GTA CGT GAC TTC 

L V G D r 

TCC CTG AXC GTC ATG 

S L X V H 

GAA GTC CTT CAG ATG 

B V L Q « 

err GAA CTC ATT CAC 

L E V I H 

GGC GCT GTC GTG GCC 

0 A V V A 
GGC ACC AAT CtG GGT 

G T W I G 
GCA GAC CAG CAC CTT 

A 0 0 0 V 
ATC ACC CTG CCG QTC 

1 T L P V 
TTC TGG CAG CGC GtC 

r W E R V 
CCT CTC AAC CTG ATT 

X L N L X 
CAG GTC TAT GCC QAC 

Q V T A D 
CTG CGC CGC CTT CTG 

L X R L L 
AAA CCX 7At TCT CCG 

TGT CAA AGC GAG CGQ 
GGC TGC TIC CAG GCG 
CAG CTC CCC GGC TGT 
ATC TGC CGT GCA ACO 
ACA CGA TGA AAC ACQ 
CrX 7CX XTG TCC TCA 



CGC 


CCT 


CGC 


TCA 


54 


GCC 


ATC 


ACA 


TGG 


108 


GAA 


GGA 


ATG 


GCT 


162 


TCA 


AAA 


CCC 


Att 


216 


TGC 


TTC 


AAA 


GCC 


270 


ATC 


CGG 


CTC 


CCG 


324 


GGA 


ATO 


GCT 


GCG 


378 


AAC 


TCC 


GTC 


TAG 


432 


CAA 


AGG 


GGG 


GAA 


486 


GCC 


TTC 


CTG 


CTG 


540 


CCC 


CCC 


CTA 


ACG 


594 


ATC 


CTG 


CCT 


GCA 


648 


AAA 


GAC 


CCT 


TGG 


702 


TGG 


TTC 


AAG 


GTT 


756 


GAA 


GAA 


GAC 


ATG 

N 


810 

1 


GTT 


CCC 


CTG 


ATC 


864 


V 


p 


L 


1 


19 


CTT 


CGC 


CCG 


CTO 


918 


L 


R 


P 


L 


37 


CCG 


GAC 


CAT 


CAG 


972 


P 


D 


H 


0 


55 


GCC 


ACA 


CTG 


CTC 


1026 


A 


T 


L 




73 


err 


Trt: 


arc 


AAT 


1080 


A 


S 


A 




91 


CTG 


TTC 


GCC 


CGC 


1134 


L 


P 


A 


It 


109 


GCG 


ATC 


CTO 


TCG 


1188 


A 


I 


L 


S 


127 


CTC 


GTG 


CAG 


AAC 


1242 


V 


V 




U 


145 


GGC 


AAG 


ACG 


GCT 


1296 


Q 


K 


7 


A 


163 


GAG 


CGT 


CCG 


GAA 


1350 


E 


R 


P 


E 


181 


ATO 


GCG 


TTC 


CAG 


1404 


M 


A 


F 


0 


199 


TTC 


CCC 


AXC 


ACC 


1458 


L 


G 


A 


T 


217 


CTO 


GCC 


GCC 


TAT 


1512 


L 


A 


A 


Y 


235 


ATT 


GGA 


GAA 


GGG 


1566 


I 


0 


B 


G 


253 


GCA 


AAQ 


ACQ 


GGT 


1620 


A 


K 


T 


G 


271 


GCA 


CCT 


GTT 


GAA 


1674 


A 


A 


V 


g 


289 


ATC 


GAA 


ACG 


GTT 


1728 


I 


B 


T 


V 


307 


TCA 


GCC 


AAC 


TCA 


1792 
315 


CCC 


GAA 


CAG 


TGA 


1836 


CAG 


CGC 


ATT 


GAA 


1890 


GTT 


GGT 


TGC 


CGA 


1944 


GCT 


GGT 


GCG 


GGA 


1998 


GGC 


ATC 


ACA 


AAA 


2052 


CCA 


TCA 


CCC 


TCC 


2106 
2121 
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m2] 



ims] 



BamH 



Mndlll 



ddsl 



lacZpromoter 



pLD2 3.9 kb 

AfDP^ I r 



on 



Vector :pUCt a 2Mkb 
Insert :dd5l 1.2kb 
Expression : lacZ-ddsl fusion 

11^4] 



octd 
nana 
deco 




Stktntion tlM Cain) 



[1115] 



UQ-8 



-pLb2 +t»UD2 
JNie9 



UQ-10 




JM109/pLD2 



K0229/pLD2 



Standard UQ-10 



I I I I I I lil M I I 
0 2 4 6 8 10 
Retention times (min) 
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(51) Int. CI. ^ mm^- jrrtuss^ F I &mm^mm 

C12R 1:19) 

(C 1 2 P 7/66 

C12R 1:19) 
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